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5INORGANIC COMPONENTS OF THE GROUND-LEVEL AIR AND
METEOROLOGICAL PARAMETERS AT HYYTIÄLÄ, FINLAND
DURING THE BIOFOR PROJECT 1998-1999
1. INTRODUCTION
The increasing concentrations of carbon dioxide, methane and other greenhouse gases in
the air can cause a significant warming of the Earth's climate (IPCC, 1995). This effect
may, however, be counterbalanced by the increasing number of aerosol particles present
in the atmosphere due to two mechanisms. Aerosol particles reflect the incoming Solar
radiation. They can also alter the amount and the size distribution of cloud droplets
which can increase the Earth’s albedo. In addition to increasing anthropogenic particle
sources, e.g. burning of biomass and fossil fuel, there are a number of natural particle
sources. These include oceans, volcanoes, deserts and biological sources. The last
mentioned includes fragments of plants, for example pollen, and the aerosol particle
formation from the organic compounds emitted to the atmosphere by photosynthesizing
plants.
A few years ago it was observed that at the Boreal forest zone some 50 aerosol particle
formation events occur annually (Mäkelä et al., 1997). Particles with a diameter of 3 nm
start to form a couple of hours after sunrise and they grow to Aitken mode particles
during the daylight duration (Kulmala et al., 1998a). To improve the understanding of
the mechanisms associated with these particle formation events a project BIOFOR
(Biogenic aerosol formation in the boreal forest) was initiated in 1998. The objectives of
the projects were to determine formation mechanisms of aerosol particles in a Boreal
forest site, to verify emissions of secondary organic aerosols from the Boreal forest site,
and to quantify the amount of condensable vapours produced in photochemical
reactions of biogenic volatile organic compounds (BVOC) leading to aerosol formation.
Originally there were six partners in the project but during the work a number of
additional research groups joined the consortium.
The aerosol particles consist mainly of organic compounds, sea salt, sulphate, nitrate
and ammonium ions, black carbon and dust (Putaud et al., 2000). The chemical
6composition of the particles varies seasonally and inter-annually due to changes in
meteorological factors and anthropogenic sources. For example, in Finland sulphate
concentrations in the air are higher in winter than in summer due to increased SO2
emissions from energy production and concurrent low mixing height. The sulphate
concentrations in southern Finland have decreased to one fourth from the 1970s’ owing
to the use of fuel with a low sulphur content and improved combustion techniques
(Kulmala et al., 1998b).
The BIOFOR work package of the Finnish Meteorological Institute consisted of four
tasks:
- radiosoundings and surface weather observations
- air mass back-trajectory calculations
- analysis of inorganic components of aerosol particles
- aerosol formation model development
A detailed description of the experimental  and computational (excluding modelling
work) methods together with basic data and some preliminary analysis is reported in the
following.
2. EXPERIMENTAL AND COMPUTATIONAL METHODS
2.1. Measurement sites and times
A map of the measurement sites is presented in Figure 1. The main site of the project
was the Hyytiälä Forestry Field station of the University of Helsinki (61°51’N,
24°17’E) some 200 km NNW of Helsinki, 50 km NE of Tampere, and 90 km SW of
Jyväskylä. Surface weather observations were obtained from the Kuorevesi/Halli
aviation weather station (61°51’N, 24°47’E, h = 145 m a.s.l. [= above sea level]) 20 km
east of Hyytiälä. The results of inorganic components were compared to the data
obtained from the FMI’s air quality monitoring station Ähtäri/Niemisjärvi (62°35’N,
24°12’E, h = 180 m a.s.l.), about 90 km north of Hyytiälä. FMI’s regular soundings are
made at the meteorological observatories of Jokioinen (60°49’N, 23°30’E, h = 104 m
a.s.l., 125 km SSW of Hyytiälä) and Tikkakoski (62°24’N, 25°41’E, h = 141 m a.s.l., 95
km NE of Hyytiälä).
7Figure 1. Measurement sites.
Three field measurement campaigns were carried out during the project:
- Campaign 1 14 April – 22 May 1998,
- Campaign 2 27 July – 21 August 1998,
- Campaign 3 15 March – 30 April 1999.
Daily aerosol particle samples were collected continuously between 13 July 1998 and
29 July 1999. The number of days with clear particle formation occurrence was 4 during
the campaign 1, 0 during the campaign 2, and 10 during the campaign 3. The number of
weak particle formation events observed was 10, 6, and 9 during the campaigns 1, 2,
and 3, respectively.
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82.2. Aerosol particle sampling and analysis
Daily aerosol particle samples were collected at Hyytiälä about 2 m above ground in a
relatively dense coniferous forest 181 m a.s.l. At Ähtäri the sampling was carried out in
an open field about 5 m above ground. The sampling at both sites was performed
according to EMEP procedures (European Monitoring and Evaluation Programme,
1996) using open-faced filter packs. In the two-stage filter pack particles were collected
on a plain Whatman 40 filter which was used as a front filter. A sodium hydroxide (1%
in methanol) impregnated Whatman 40 filter was used as a back filter for collecting
sulphur dioxide. The filter samples were collected with a flow rate of 0.9 m3/h. The
filter packs were changed and the sampling was started every morning at 06 UTC. The
ammonium concentration obtained by the two-stage filter pack may be somewhat
underestimated because of the possible physical and chemical interactions of
ammonium during the sampling.
For every batch of seven filter packs there was a field blank filter pack. The blank filter
packs were treated like real sample filter packs; the blank filters were impregnated and
the filter packs were assembled and packed for mailing as the other samples. At the
sampling site the blank filter packs were left unopened in their transportation boxes. The
concentrations of these field blank filters were subtracted from the results of the
collected samples.
Collected filters were extracted for 60 min in a shaker with 10 ml of deionised water.
The extracts were filtered through 0.45 µm pore-size membrane filters (P/N 4685,
Gelman Sciences) and analysed by ion chromatography using standard methods (EN
ISO 10304-1, ISO 14911). At the beginning of each analysis batch the measurement
range was calibrated using calibration solutions prepared from commercial standard
solutions (Merck). As a part of the quality control procedure synthetic internal quality
control samples were measured in every analysis batch and their results were examined
to be within the established control limits. The detection limits, measurement ranges,
and the uncertainties of the analytical methods are presented in Table 1. The laboratory
procedures are accredited by FINAS (Centre for Metrology and Accreditation, Finland).
9Table 1. Detection limits, measurement ranges, and the uncertainties of the analytical methods
for main inorganic components.
Component Detection limit
mg l-1         µg m-3*
Measurement range
mg l-1           µg m-3*
    Analytical uncertainty
    range         uncertainty
Cl-
NO3-
SO42-
Na+
NH4+
K+
Ca2+
Mg2+
0.010        0.005
0.044        0.022
0.060        0.030
0.002        0.001
0.003        0.002
0.006        0.003
0.005        0.003
0.003        0.002
0.03-5.0       0.015-2.5
0.09-15.1 0.045-7.6
0.15-15.0 0.075-7.5
0.02-2.0 0.010-1.0
0.03-1.9 0,015-1.0
0.02-0.7 0.010-0.4
0.15-1.5 0.075-0.8
0.01-0.8       0.005-0.4
< 0.6 mgl-1    ± 0.04 mg l-1
> 0.6 mgl-1    ± 8 %
< 1.8 mgl-1    ± 0.13 mg l-1
> 1.8 mgl-1    ± 8 %
< 1.2 mgl-1    ± 0.12 mg l-1
> 1.2 mgl-1    ± 10 %
< 0.2 mgl-1    ± 0.01 mg l-1
> 0.2 mgl-1    ± 5 %
< 0.1 mgl-1    ± 0.008 mg l-1
> 0.1 mgl-1    ± 7 %
< 0.2 mgl-1    ± 0.03 mg l-1
> 0.2 mgl-1    ± 12 %
< 0.25 mgl-1  ± 0.02 mg l-1
> 0.25 mgl-1  ± 8 %
< 0.06 mgl-1  ± 0.006 mg l-1
> 0.06 mgl-1  ± 10 %
SO2 0.060        0.030 0.20-10.0     0.1-5.0 < 0.8 mgl-1    ± 0.1 mg l-1
> 0.8 mgl-1    ± 12 %
*calculated assuming an air volume of 20 m3
Anions (chloride, nitrate, sulphate) and cations (sodium, ammonium, potassium,
calcium and magnesium) were measured from the extracts of the front filters collecting
aerosol particles. Sulphur dioxide was measured as sulphate from the extracts of the
impregnated back filters. Anions were analysed by a Waters ion chromatograph (Waters
501 pump, Waters 431 conductometric detector) with a Waters IC-Pak A HR anion
exchange column (4.6 x 75 mm, 6 µm) using sodium gluconate-borate as a mobile
phase. For cation measurements an IC-Pak M/D cation exchange column (3.9 x 150
mm, 5 µm) and EDTA-NH3 eluent was used (Figures 2 and 3).
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Figure 2. Example of an anion chromatogram from a daily EMEP type sample. The values
beside the ion labels denote the retention times in minutes.
Figure 3. Example of a cation chromatogram from a daily EMEP type sample. The values
beside the ion labels denote the retention times in minutes. The ammonium peak (retention time
5.18 minutes) has gone over the scale and the sample solution has to be diluted in order to
analyze the peak. Note the unidentified peak at 8.71 minutes.
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2.3. Radiosoundings and surface weather observations
PTU (pressure, temperature and humidity) soundings of the upper atmosphere were
carried out at Hyytiälä during the spring campaigns, 14 April – 22 May 1998 and 15
March – 30 April 1999, to verify the numerical weather data, to make observations
during changes in boundary layer and synoptic conditions, and to find out the
applicability of the soundings made regularly at the FMI’s meteorological observatories.
The soundings were performed in cooperation with the Finnish Defence Forces (Figure
4). Radiosondes were launched from an open field 145 m a.s.l. A total of 61 soundings
(21 in 1998 and 40 in 1999) were made at Hyytiälä using the Vaisala DigiCORA
sounding system with RS80 sondes and 300 g hydrogen-filled balloons. The
windfinding system was based on monitoring the horizontal movement of the
radiosonde. This was achieved by following the sonde with a radiotheodolite and
measuring the azimuth and elevation angle of the receiver antenna. The average altitude
the sondes reached was 18.0 km (range 5.8-24.7 km). The average ascent rate between
ground-level and an altitude of 5 km was 5.1 m/s (range 1.9-7.0 m/s). The data was
stored in 2-second intervals.
Two daily regular soundings using Vaisala DigiCORA II ground equipment and RS80
sondes were made at the FMI’s observatories, 00 UTC and 12 UTC at Jokioinen, and
06 and 18 UTC at Tikkakoski. The windfinding system used is based on the sonde
position recording by Loran-C LF radionavigation signals.
A data set consisting of manual synoptic observations made in three-hour intervals (00,
03, 06, 09, 12, 15, 18 and 21 UTC) at Kuorevesi/Halli during the field campaigns was
produced. The observations include total cloud amount, horizontal visibility, present
weather, past weather, amount of low clouds, height of cloud base, and amount of
precipitation (2 observations per day). The height of cloud base was assessed with the
help of a laser ceilometer having a maximum range of ca 4000 m.
12
Figure 4. Preparation of a radiosonde launch at Hyytiälä during BIOFOR campaign 1: the
balloon is being filled with hydrogen. The ground equipment container of the sounding system
is in the background of the picture.
2.4. Air mass trajectory calculations
For long-range dispersion calculations FMI maintains an operational model called
TRADOS (Valkama et al., 1995). Originally it was developed in collaboration with the
FMI and the Technical Research Centre of Finland to be used for the dispersion forecasts
of nuclear accidents and other emergencies requiring response actions. TRADOS is a
13
Lagrangian Gaussian long-range trajectory and dispersion model which runs on the
meteorological data from the Finnish version of the Nordic HIRLAM (High Resolution
Limited Area Model) numerical weather prediction model (NWP). HIRLAM is run four
times a day and from each run the weather parameters from seven pressure levels from
ground level up to 100 hPa (ca 15 km) are stored in a special database. Transport of
material is described with a set of three-dimensional trajectories. Each trajectory within a
set can start either from a different elevation or at a different time. Trajectories can be
computed either forwards or backwards in time. TRADOS can be used for estimating the
transport of either air parcels or aerosol particles with a given aerodynamic diameter. In the
latter case the gravitational settling is also taken into account. As a special feature, any
meteorological parameter available from the HIRLAM NWP can be included in the
trajectory output.
Sets of 96-hour long air mass back-trajectories arriving Hyytiälä in three-hour intervals
were calculated for five different pressure levels (1000, 925, 850, 700, and 500 hPa)
during each field measurement campaign.
3. RESULTS AND DISCUSSION
3.1. Inorganic components of aerosol particles and SO2
The daily concentrations of sulphur dioxide, sulphate and nitrate are presented in
Figures 5-7 together with the monthly mean values at Ähtäri in 1995-1997. All these
components show a seasonal variation with high values in winter and low in summer
although the variation is much smaller in the case of SO42- and NO3- than in the case of
SO2. In winter the emissions are highest due to the increased energy production.
Simultaneously the cold weather reduces the oxidation rate of SO2. In addition, the
mixing height is often low and the stagnant conditions of the lower troposphere prevent
the dilution of these components by transport to the upper atmosphere.
The correlation coefficients between observed concentrations at Hyytiälä and Ähtäri are
presented in Table 2 and Figures 8 and 9. The high correlation between concentrations
of most components indicates that the concentrations are determined by air-mass scale
14
factors instead of local sources or sinks. The correlation is almost non-existent in the
case of potassium and sodium. The results indicate that the observations of especially
sulphate, nitrate and ammonium at Ähtäri can be considered to represent Hyytiälä as
well.
Figure 5. Daily sulphur dioxide concentrations at Hyytiälä 26.7.1998-1.8.1999 (thin line) and
monthly mean concentrations at Ähtäri in 1995-1997 (thick line).
Figure 6. Daily sulphate at Hyytiälä 26.7.1998-1.8.1999 (thin line) and monthly mean
concentrations at Ähtäri in 1995-1997 (thick line).
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Figure 7. Daily nitrate concentrations at Hyytiälä 26.7.1998-1.8.1999 (thin line) and monthly
mean concentrations at Ähtäri in 1995-1997 (thick line).
Table 2. Pearson correlation coefficients of inorganic components in the ground-level air
between Hyytiälä and Ähtäri 26 July 1998 - 1 August 1999.
Component R2 R
Nitrate 0.8934 0.945
Sulphate 0.8840 0.940
Sulphur dioxide 0.8677 0.932
Sodium 0.1273 0.357
Ammonium 0.8984 0.948
Potassium 0.0100 0.100
Magnesium 0.7293 0.854
Calcium 0.4517 0.672
The correlation coefficients between different inorganic components of the ground-level
air at Hyytiälä are presented in Table 3. Calcium correlates well only with the other
alkaline earth element magnesium. The same applies to alkaline elements potassium and
sodium, although one might expect sodium to correlate better with chloride due to sea
salt. Ammonium correlates well with both sulphate and nitrate. This can be attributed to
the formation of ternary aerosol particles (Kulmala et al., 2000). Sulphate correlates
only weakly with nitrate and sulphur dioxide. The daily concentrations are
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approximately lognormally distributed (Figures 10-18). Similar behaviour of
atmospheric concentrations of natural radionuclides has been observed earlier (Hötzl
and Winkler, 1987; Paatero and Hatakka, 2000).
Figure 8. Correlation between daily sulphate concentrations at Hyytiälä and Ähtäri, Finland in
1998-1999 (372 cases). The broken line indicates a 1:1 relationship.
Figure 9. Correlation between daily ammonium concentrations at Hyytiälä and Ähtäri, Finland
in 1999 (154 cases). The broken line indicates a 1:1 relationship.
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Table 3. Pearson correlation coefficients between the concentrations of inorganic species in the
air at Hyytiälä 26.7.1998-1.8.1999.
Cl NO3 SO4 SO2 Na NH4 K Mg Ca
Cl 0.206 -0.065 -0.092 0.579 -0.028 0.177 0.341 0.065
NO3 0.206 0.563 0.255 0.193 0.820 0.064 0.615 0.449
SO4 -0.065 0.563 0.520 0.086 0.817 0.200 0.629 0.623
SO2 -0.092 0.255 0.520 -0.026 0.286 0.073 0.421 0.398
Na 0.579 0.193 0.086 -0.026 0.071 0.812 0.314 0.289
NH4 -0.028 0.820 0.817 0.286 0.071 0.113 0.566 0.522
K 0.177 0.064 0.200 0.073 0.812 0.113 0.191 0.412
Mg 0.341 0.615 0.629 0.421 0.314 0.566 0.191 0.832
Ca 0.065 0.449 0.623 0.398 0.289 0.522 0.412 0.832
Figure 10. Cumulative frequency distribution (5, 10,…,100 % percentiles) of the daily SO2
concentrations in the air at Hyytiälä 26.7.1998-1.8.1999.
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Figure 11. Cumulative frequency distribution (5, 10,…,100 % percentiles) of the daily sulphate
concentrations in the air at Hyytiälä 26.7.1998-1.8.1999.
Figure 12. Cumulative frequency distribution (5, 10,…,100 % percentiles) of the daily nitrate
concentrations in the air at Hyytiälä 26.7.1998-1.8.1999.
Figure 13. Cumulative frequency distribution (5, 10,…,100 % percentiles) of the daily chloride
concentrations in the air at Hyytiälä 26.7.1998-1.8.1999.
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Figure 14. Cumulative frequency distribution (5, 10,…,100 % percentiles) of the daily sodium
concentrations in the air at Hyytiälä 26.7.1998-1.8.1999.
Figure 15. Cumulative frequency distribution (5, 10,…,100 % percentiles) of the daily
ammonium concentrations in the air at Hyytiälä 26.7.1998-1.8.1999.
Figure 16. Cumulative frequency distribution (5, 10,…,100 % percentiles) of the daily
potassium concentrations in the air at Hyytiälä 26.7.1998-1.8.1999.
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Figure 17. Cumulative frequency distribution (5, 10,…,100 % percentiles) of the daily
magnesium concentrations in the air at Hyytiälä 26.7.1998-1.8.1999.
 Figure 18. Cumulative frequency distribution (5, 10,…,100 % percentiles) of the daily calcium
concentrations in the air at Hyytiälä 26.7.1998-1.8.1999.
3.2. Source areas of inorganic components of aerosol particles
During the BIOFOR 3 field measurement campaign the highest concentrations of
ammonium were associated with air masses coming from central Europe with abundant
agricultural activity (Figures 19-22). The lowest concentrations were found in air
masses coming from the North Atlantic Ocean. The same applies to airborne sulphate;
high concentrations are associated with air masses originating from the industrialised
regions of central Europe. The concentrations of potassium and calcium are high in
continental and low in maritime air masses.
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Figure 19. Air mass back trajectories arriving to Hyytiälä on the 925 hPa pressure level during
days with highest and lowest ammonium concentrations of BIOFOR Campaign 3.
Figure 20. Air mass back trajectories arriving to Hyytiälä on the 925 hPa pressure level during
days with highest and lowest sulphate concentrations of BIOFOR Campaign 3.
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Figure 21. Air mass back trajectories arriving to Hyytiälä on the 925 hPa pressure level during
days with highest and lowest potassium concentrations of BIOFOR Campaign 3.
Figure 22. Air mass back trajectories arriving to Hyytiälä on the 925 hPa pressure level during
days with highest and lowest calcium concentrations of BIOFOR Campaign 3.
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3.3. Soundings
The PTU soundings made at Hyytiälä at 06 and 12 UTC were compared with soundings
made at Jokioinen and Tikkakoski (Figures 23-30). The comparison is based on six
coincident soundings at Jokioinen and seven at Tikkakoski. Ten main pressure levels
were studied: 1000, 925, 850, 700, 500, 400, 300, 200, 150, and 100 hPa, in other words
from ground-level to about 16 km. The vertical profiles of temperature at Hyytiälä are
very similar to profiles at Jokioinen and Tikkakoski. The biggest deviations are found in
the case of surface (1000 hPa) observations. The largest differences are observed in the
humidity profiles. Apparently the observed water vapour content of the air can change
even in short horizontal distances, for example due to the vicinity of clouds.
The observed wind directions at the three sites are usually in agreement, except in the
case of surface winds. Large differences at upper air are associated with passing weather
fronts. Most of the wind direction observations are slightly more westerly at Tikkakoski
and slightly more southerly at Jokioinen compared to Hyytiälä, which is in agreement
with the geographical position of the sites assuming a clockwise (righthand) geostrophic
air flow curvature over southern Finland. The observed wind speeds at the different
sounding locations are usually also in harmony, although there seems to be a slight
tendency towards higher differences as a function of wind speed. This may be related to
the radiotheodolite windfinding system: at higher wind speeds the sonde drifts further
away from the launch site. Thus the angle variations between the sonde and the
receiving antenna become very small and the relative error of antenna position
measurement increases.
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Figure 23. Temperature at main pressure levels at Hyytiälä and Jokioinen 22-25 and 28 April
1998 and 29 March 1999 12 UTC. The broken line indicates a 1:1 relationship.
Figure 24. Temperature at main pressure levels at Hyytiälä and Tikkakoski 23-29 April 1998
06 UTC. The broken line indicates a 1:1 relationship.
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Figure 25. Relative humidity at main pressure levels at Hyytiälä and Jokioinen 22-25 and 28
April 1998 and 29 March 1999 12 UTC. The broken line indicates a 1:1 relationship.
Figure 26. Relative humidity at main pressure levels at Hyytiälä and Tikkakoski 23-29 April
1998 06 UTC. The broken line indicates a 1:1 relationship.
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Figure 27. Wind speed at main pressure levels at Hyytiälä and Jokioinen 22-25 and 28 April
1998 and 29 March 1999 12 UTC. The broken line indicates a 1:1 relationship.
Figure 28. Wind speed at main pressure levels at Hyytiälä and Tikkakoski 23-29 April 1998
06 UTC. The broken line indicates a 1:1 relationship.
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Figure 29. Wind direction at main pressure levels at Hyytiälä and Jokioinen 22-25 and 28 April
1998 and 29 March 1999 12 UTC. The broken line indicates a 1:1 relationship.
Figure 30. Wind direction at main pressure levels at Hyytiälä and Tikkakoski 23-29 April 1998
06 UTC. The broken line indicates a 1:1 relationship.
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3.4. Surface weather observations
In synoptical weather reports the present weather observations are described with
values. Numbers lower than 20 represent fair weather observations (no precipitation at
the observation time and during the preceding hour). Values equal to or greater than 20
represent precipitation. In Figures 31 and 32 the present weather codes during Biofor
campaigns 1 and 3 are depicted with nucleation event classification according to time
and event occurrence. Obviously the absence of precipitation after 05 UTC, one or two
hours after sunrise, is a requirement for a particle formation event to take place. Also
the amount of low clouds in the morning, given in octas in Fig. 33, is inversely
correlated with the occurrence of particle formation event. The connection of fair
weather to the events is reflected also to the observations of visibility and cloud base
altitude. For the Biofor campaigns 1 and 3 the average visibility during 03, 06 or 09
UTC observations was 22.5 km, 42.4 km, and 44.8 km, respectively, in the cases of
lacking, weak and clear particle formation events. Corresponding figures for cloud base
altitude were 1820 m, 2540 m, and 2550 m.
Figure 31. Present weather codes at Kuorevesi/Halli during days with weak nucleation events,
Biofor campaigns 1 and 3. Values lower than 20 represent fair weather observations (no
precipitation at the observation time and during the preceding hour). Values equal to or greater
than 20 represent precipitation.
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Figure 32. Present weather codes at Kuorevesi/Halli during days with clear nucleation events,
Biofor campaigns 1 and 3. Values lower than 20 represent fair weather observations (no
precipitation at the observation time and during the preceding hour). Values equal to or greater
than 20 represent precipitation.
Figure 33. Low-cloud cover (in octas) at Kuorevesi/Halli 06 UTC during Biofor campaigns 1
and 3. Event types  1 and 2 are clear nucleation events, types 0 and 3 weak events, and –1 no
event.
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3.5. Trajectories
According to the trajectories the clear  nucleation events observed at Hyytiälä are
associated with air masses originating from Arctic or Atlantic regions (Figure 34), even
though they might have passed through regions in central Europe. However, the
presence of these air masses is not always associated with particle formation events. In
other words, a northern air mass is a necessary but not an adequate factor causing these
events. None of these event days are associated with clearly continental air masses.
Figure 34. TRADOS back trajectories (length 96 hours) arriving to Hyytiälä at the 925 hPa
pressure level at 06 UTC during clear (type 1) nucleation event days in March-April 1999.
The comparison of meteorological data from the trajectories and from the soundings
shows a good agreement of temperature and wind speed and direction (Figures 35-38).
The deviations are largest at ground-level, where the computed temperatures tend to be
somewhat underestimated, and the computed wind speeds overestimated. The
agreement is worst in the case of relative humidity, where the calculated humidities are
often heavily overestimated. The reason for this is discussed below.
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Figure 35. Calculated vs. observed temperature at Hyytiälä during Biofor-3 campaign. The
calculated values were obtained from HIRLAM NWP with TRADOS trajectory model and the
observed values with soundings. The broken line indicates a 1:1 relationship.
Figure 36. Calculated vs. observed wind speed at Hyytiälä during Biofor-3 campaign. The
calculated values were obtained from HIRLAM NWP with TRADOS trajectory model and the
observed values with soundings. The broken line indicates a 1:1 relationship.
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Figure 37. Calculated vs. observed wind direction at Hyytiälä during Biofor-3 campaign. The
calculated values were obtained from HIRLAM NWP with TRADOS trajectory model and the
observed values with soundings. The broken line indicates a 1:1 relationship.
Figure 38. Calculated vs. observed relative humidity at Hyytiälä during Biofor-3 campaign. The
calculated values were obtained from HIRLAM NWP with TRADOS trajectory model and the
observed values with soundings. The broken line indicates a 1:1 relationship.
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The numerical weather prediction (NWP) models have to handle two basic problems in
the parametric description of the microphysical  processes involved in cloud dynamics
and consequently humidity of the air. The first problem is a numerical one. Clouds are
typically of subgrid scale for the temporal and especially spatial resolution of the NWP
models. The other problem is the precipitation process itself: cloud droplet formation,
the growth of a droplet to a precipitating drop, and the below-cloud evaporation of
precipitation. The basics of the water cycle in the atmosphere are well known but there
are details that are poorly understood, partly due to insufficient observations. Moreover,
the  basic structure is complicated by interactions between water vapour, cloud droplets,
ice crystals, precipitation,  temperature and atmospheric motion. Especially the
mechanics by which convective cloud systems transport water vapour vertically in the
atmosphere is still incompletely understood. Until quite recently, the cloud specification
has had very weak coupling with the NWP model dynamics and the water content of
clouds has not been taken into consideration properly. Even in very advanced NWP
models some simplifying approximations, e.g. that precipitating water falls down
instantaneously, have been necessary.
4. CONCLUSIONS
The comparison of trajectories to soundings indicate that the reliability of the calculated
weather parameters is usually quite high except in the case of relative humidity. The
differences of observed temperature and wind speed and direction between Hyytiälä and
Jokioinen or Tikkakoski are usually small above the ground-level. This suggests that in
the future the regular soundings of Jokioinen and Tikkakoski can be applied to observe
the synoptic scale weather variations during measurement campaigns at Hyytiälä if only
the 6-hour time resolution of the soundings is adequate.
Ammonium was the most abundant cation in the aerosol particle samples analysed in
this study followed by sodium. Ammonium was found to correlate well with both
sulphate and nitrate, which was attributed to the formation of ternary aerosol particles.
The measurements of airborne sulphate, nitrate and ammonium at Ähtäri can be utilized
instead of separate measurements at Hyytiälä.
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DATA TABLES
(DAILY CONCENTRATIONS OF INORGANIC COMPONENTS IN THE
GROUND-LEVEL AIR AT HYYTIÄLÄ, FINLAND 1998-1999)
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Table 4. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-level
air at Hyytiälä, Finland, in July 1998. The analytical uncertainties are presented in Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.7.98
2.7.98
3.7.98
4.7.98
5.7.98
6.7.98
7.7.98
8.7.98
9.7.98
10.7.98
11.7.98
12.7.98
13.7.98
14.7.98
15.7.98
16.7.98
17.7.98
18.7.98
19.7.98
20.7.98
21.7.98
22.7.98
23.7.98
24.7.98
25.7.98
26.7.98 0.587 0.253 0.915 0.038 0.216 0.274 0.872 0.100
27.7.98 0.050 0.161 0.016 0.007 0.019 0.028 0.144 0.400 0.066
28.7.98 0.043 0.146 0.018 0.006 0.007 0.017 0.137 0.352 0.135
29.7.98 0.022 0.161 0.020 0.007 0.015 0.010 0.077 0.462 0.105
30.7.98 0.093 0.404 0.038 0.017 0.050 0.044 0.250 1.289 0.021
31.7.98 0.334 0.724 0.054 0.045 0.093 0.155 1.046 2.654 0.095
Min 0.022 0.146 0.016 0.006 0.007 0.010 0.077 0.352 0.021
Max 0.587 0.724 0.915 0.045 0.216 0.155 1.046 2.654 0.135
Average 0.188 0.308 0.177 0.020 0.067 0.051 0.321 1.005 0.087
Median 0.072 0.207 0.029 0.012 0.034 0.028 0.197 0.667 0.097
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Table 5. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-level
air at Hyytiälä, Finland, in August 1998. The analytical uncertainties are presented in Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.8.98 0.358 0.663 0.053 0.043 0.102 0.174 1.030 2.273 0.132
2.8.98 0.256 0.451 0.029 0.026 0.048 0.172 0.488 1.387 0.170
3.8.98 0.159 0.432 0.031 0.027 0.074 0.064 0.495 1.425 0.084
4.8.98 0.100 0.409 0.026 0.019 0.052 0.032 0.455 1.293 0.058
5.8.98 0.165 0.267 0.032 0.019 0.044 0.092 0.397 0.930 0.020
6.8.98 0.116 0.155 0.017 0.009 0.020 0.068 0.235 0.632 0.333
7.8.98 0.035 0.100 0.019 0.006 0.013 0.012 0.131 0.324 0.063
8.8.98 0.032 0.108 0.018 0.005 0.009 0.019 0.099 0.335 0.021
9.8.98 0.044 0.110 0.017 0.005 0.011 0.017 0.075 0.382 0.021
10.8.98 0.020 0.154 0.009 0.004 0.019 0.011 0.067 0.598 0.046
11.8.98 0.024 0.113 0.013 0.004 0.014 0.011 0.053 0.427 0.020
12.8.98 0.042 0.294 0.038 0.015 0.056 0.013 0.073 1.295 0.020
13.8.98 0.090 0.410 0.029 0.018 0.074 0.022 0.195 1.548 0.124
14.8.98 0.101 0.302 0.018 0.020 0.070 0.037 0.204 1.164 0.262
15.8.98 0.058 0.216 0.091 0.011 0.043 0.022 0.119 0.963 0.058
16.8.98 0.037 0.194 0.045 0.010 0.034 0.017 0.131 0.715 0.020
17.8.98 0.840 0.153 1.503 0.008 0.199 0.091 0.188 0.861 0.397
18.8.98 0.905 0.316 1.389 0.025 0.259 0.151 0.386 1.368 0.258
19.8.98 0.969 0.066 1.793 0.012 0.217 0.094 0.130 0.476 0.337
20.8.98 1.042 0.346 1.803 0.016 0.197 0.112 0.373 1.424 0.257
21.8.98 0.948 1.277 1.888 0.015 0.159 0.066 1.285 3.691 0.143
22.8.98 1.063 0.417 1.996 0.004 0.108 0.051 0.373 1.372 0.198
23.8.98 1.338 0.183 2.235 0.003 0.110 0.054 0.239 0.527 0.210
24.8.98 0.045 0.207 0.024 0.005 0.019 0.015 0.142 0.657 0.021
25.8.98 0.044 0.172 0.030 0.005 0.017 0.011 0.132 0.512 0.020
26.8.98 0.056 0.142 0.030 0.003 0.012 0.035 0.086 0.407 0.020
27.8.98 0.037 0.119 0.017 0.004 0.011 0.013 0.081 0.364 0.054
28.8.98 0.031 0.159 0.029 0.004 0.027 0.010 0.041 0.475 0.020
29.8.98 0.035 0.219 0.031 0.006 0.022 0.002 0.036 0.773 0.021
30.8.98 0.130 0.104 0.024 0.006 0.017 0.132 0.050 0.428 0.020
31.8.98 0.161 0.120 0.034 0.011 0.036 0.216 0.090 0.446 0.020
Min 0.020 0.066 0.009 0.003 0.009 0.002 0.036 0.324 0.020
Max 1.338 1.277 2.235 0.043 0.259 0.216 1.285 3.691 0.397
Average 0.299 0.270 0.429 0.012 0.067 0.059 0.254 0.951 0.111
Median 0.100 0.194 0.030 0.009 0.043 0.035 0.132 0.715 0.058
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Table 6. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-level
air at Hyytiälä, Finland, in September 1998. The analytical uncertainties are presented in
Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.9.98 0.154 0.132 0.038 0.011 0.025 0.181 0.158 0.414 0.173
2.9.98 0.070 0.192 0.038 0.012 0.047 0.042 0.180 0.584 0.249
3.9.98 0.066 0.376 0.035 0.020 0.062 0.025 0.169 1.511 0.187
4.9.98 0.055 0.337 0.028 0.012 0.042 0.018 0.188 1.107 0.201
5.9.98 0.061 0.368 0.051 0.022 0.105 0.028 0.366 1.234 0.110
6.9.98 0.072 0.409 0.081 0.039 0.161 0.059 0.557 1.178 0.117
7.9.98 0.086 0.595 0.135 0.029 0.132 0.038 0.656 1.567 0.129
8.9.98 0.095 1.319 0.266 0.057 0.321 0.057 1.264 3.710 0.262
9.9.98 0.111 1.363 0.296 0.062 0.301 0.078 1.234 3.969 0.705
10.9.98 0.239 0.958 0.144 0.041 0.113 0.156 0.984 2.723 0.121
11.9.98 0.520 0.849 0.057 0.061 0.118 0.231 1.574 2.351 0.131
12.9.98 0.398 1.058 0.115 0.058 0.125 0.117 1.316 3.139 0.148
13.9.98 0.121 0.730 0.366 0.071 0.468 0.083 0.781 2.441 0.827
14.9.98 0.136 0.484 0.271 0.075 0.568 0.096 0.815 1.994 0.684
15.9.98 0.118 0.464 0.073 0.028 0.104 0.071 0.673 1.432 0.104
16.9.98 0.730 0.742 0.129 0.032 0.107 0.060 0.661 2.461 0.214
17.9.98 0.056 0.635 0.077 0.027 0.103 0.037 0.578 2.195 0.244
18.9.98 0.038 0.291 0.039 0.010 0.029 0.019 0.268 0.843 0.137
19.9.98 0.597 0.310 0.052 0.006 0.019 0.039 0.232 0.704 0.022
20.9.98 0.110 0.229 0.026 0.011 0.030 0.051 0.320 0.635 0.296
21.9.98 0.178 0.490 0.035 0.023 0.057 0.112 0.385 1.615 0.053
22.9.98 0.106 0.061 0.025 0.003 0.007 0.173 0.101 0.153 0.021
23.9.98 0.094 0.095 0.016 0.005 0.009 0.122 0.133 0.267 0.084
24.9.98 0.080 0.071 0.023 0.001 0.004 0.137 0.055 0.116 0.020
25.9.98 0.051 0.124 0.024 0.002 0.005 0.061 0.074 0.367 0.042
26.9.98 0.053 0.146 0.021 0.003 0.015 0.053 0.107 0.411 0.044
27.9.98 0.032 0.199 0.019 0.007 0.027 0.023 0.110 0.710 0.162
28.9.98 0.031 0.270 0.001 0.009 0.031 0.012 0.058 0.893 0.021
29.9.98 0.037 0.270 0.044 0.007 0.025 0.019 0.089 0.875 0.021
30.9.98 0.063 0.221 0.070 0.008 0.030 0.040 0.163 0.759 0.133
Min 0.031 0.061 0.001 0.001 0.004 0.012 0.055 0.116 0.020
Max 0.730 1.363 0.366 0.075 0.568 0.231 1.574 3.969 0.827
Average 0.152 0.460 0.087 0.025 0.106 0.075 0.475 1.412 0.189
Median 0.090 0.352 0.048 0.016 0.052 0.058 0.294 1.143 0.132
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Table 7. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-level
air at Hyytiälä, Finland, in October 1998. The analytical uncertainties are presented in Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.10.98 0.187 0.150 0.121 0.014 0.034 0.229 0.222 0.612 0.122
2.10.98 0.168 0.216 0.032 0.011 0.030 0.115 0.436 0.560 0.294
3.10.98 0.149 0.424 0.032 0.027 0.106 0.066 0.627 1.635 0.401
4.10.98 0.101 0.193 0.032 0.009 0.026 0.063 0.263 0.674 0.061
5.10.98 0.095 0.083 0.039 0.003 0.010 0.090 0.154 0.179 0.043
6.10.98 0.308 0.135 0.032 0.010 0.030 0.236 0.281 0.216 0.121
7.10.98 0.121 0.180 0.034 0.009 0.027 0.051 0.428 0.438 0.324
8.10.98 0.218 0.324 0.089 0.040 0.135 0.200 0.790 0.686 0.791
9.10.98 0.147 0.587 0.058 0.027 0.085 0.081 0.718 1.612 0.326
10.10.98 0.047 0.440 0.049 0.012 0.040 0.030 0.571 1.161 0.021
11.10.98 0.032 0.218 0.027 0.004 0.017 0.009 0.264 0.517 0.021
12.10.98 0.146 0.300 0.058 0.008 0.020 0.179 0.537 0.647 0.044
13.10.98 0.069 0.152 0.042 0.004 0.012 0.072 0.261 0.372 0.021
14.10.98 0.081 0.130 0.023 0.004 0.011 0.101 0.202 0.391 0.068
15.10.98 0.217 0.099 0.030 0.010 0.018 0.325 0.170 0.217 0.196
16.10.98 0.232 0.070 0.017 0.008 0.017 0.436 0.063 0.129 0.021
17.10.98 0.124 0.100 0.027 0.004 0.010 0.188 0.164 0.194 0.073
18.10.98 0.023 0.055 0.021 0.000 0.002 0.028 0.063 0.170 0.022
19.10.98 0.098 0.209 0.016 0.006 0.017 0.095 0.314 0.569 0.042
20.10.98 0.137 0.331 0.018 0.013 0.035 0.090 0.547 0.909 0.096
21.10.98 0.136 0.135 0.064 0.006 0.014 0.185 0.259 0.292 0.021
22.10.98 0.065 0.656 0.042 0.011 0.032 0.073 0.882 1.402 0.042
23.10.98 0.276 0.640 0.030 0.030 0.066 0.248 0.884 1.726 0.047
24.10.98 0.431 0.170 0.035 0.028 0.045 0.567 0.486 0.474 0.180
25.10.98 0.157 1.140 0.234 0.037 0.125 0.176 1.166 2.995 0.307
26.10.98 0.248 0.712 0.174 0.032 0.076 0.238 0.961 2.061 0.090
27.10.98 0.345 0.469 0.098 0.032 0.065 0.311 0.836 1.391 0.075
28.10.98 0.086 0.179 0.017 0.006 0.014 0.049 0.246 0.636 0.097
29.10.98 0.059 0.130 0.027 0.004 0.009 0.036 0.250 0.335 0.021
30.10.98 0.030 0.143 0.021 0.002 0.007 0.007 0.188 0.405 0.021
31.10.98 0.022 0.185 0.016 0.002 0.007 0.000 0.085 0.505 0.045
Min 0.022 0.055 0.016 0.000 0.002 0.000 0.063 0.129 0.021
Max 0.431 1.140 0.234 0.040 0.135 0.567 1.166 2.995 0.791
Average 0.147 0.289 0.050 0.013 0.037 0.148 0.430 0.778 0.131
Median 0.136 0.185 0.032 0.009 0.026 0.095 0.281 0.560 0.068
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Table 8. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-level
air at Hyytiälä, Finland, in November 1998. The analytical uncertainties are presented in
Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.11.98 0.028 0.112 0.009 0.003 0.010 0.024 0.066 0.400 0.021
2.11.98 0.069 0.254 0.021 0.010 0.032 0.011 0.142 1.166 0.108
3.11.98 0.065 0.286 0.028 0.020 0.076 0.080 0.163 1.684 0.097
4.11.98 0.051 0.336 0.065 0.011 0.044 0.001 0.219 1.256 0.111
5.11.98 0.064 0.326 0.019 0.016 0.061 0.006 0.193 1.432 0.074
6.11.98 0.063 0.335 0.076 0.019 0.080 0.012 0.349 1.601 0.214
7.11.98 0.035 0.290 0.014 0.011 0.037 0.003 0.211 1.216 0.079
8.11.98 0.065 0.249 0.023 0.017 0.058 0.001 0.108 1.577 0.077
9.11.98 0.267 0.272 0.107 0.048 0.139 0.250 0.392 2.188 0.710
10.11.98 0.134 0.255 0.084 0.021 0.072 0.073 0.417 1.263 0.505
11.11.98 0.079 0.386 0.028 0.019 0.072 0.041 0.616 1.218 0.880
12.11.98 0.069 0.690 0.106 0.043 0.213 0.042 0.599 3.824 1.030
13.11.98 0.070 1.017 0.072 0.026 0.096 0.024 0.935 2.955 1.020
14.11.98 0.050 0.441 0.041 0.023 0.084 0.030 0.343 2.520 0.443
15.11.98 0.046 0.547 0.039 0.026 0.102 0.003 0.251 3.116 0.432
16.11.98 0.076 0.495 0.050 0.025 0.103 0.000 0.487 2.589 1.548
17.11.98 0.127 0.812 0.283 0.073 0.464 0.106 1.607 3.845 1.963
18.11.98 0.061 0.613 0.109 0.029 0.125 0.000 0.466 2.707 1.248
19.11.98 0.065 0.343 0.059 0.019 0.071 0.010 0.307 1.658 0.416
20.11.98 0.112 0.412 0.058 0.022 0.080 0.013 0.589 1.729 1.662
21.11.98 0.105 0.404 0.031 0.017 0.053 0.084 0.801 0.975 0.383
22.11.98 0.469 0.713 0.052 0.044 0.090 0.386 2.043 1.777 0.443
23.11.98 0.236 0.911 0.055 0.046 0.121 0.185 1.061 3.689 0.893
24.11.98 0.190 1.238 0.079 0.048 0.150 0.095 0.875 4.554 0.785
25.11.98 0.079 0.774 0.060 0.026 0.097 0.061 1.200 2.573 0.156
26.11.98 0.097 0.658 0.136 0.040 0.185 0.091 0.862 2.197 1.290
27.11.98 0.114 0.791 0.258 0.063 0.335 0.082 1.249 3.535 2.608
28.11.98 0.091 2.044 0.163 0.046 0.180 0.056 2.533 6.580 1.074
29.11.98 0.066 1.836 0.154 0.046 0.191 0.024 2.005 8.537 3.420
30.11.98 0.074 0.990 0.089 0.048 0.181 0.041 0.793 5.803 1.676
Min 0.028 0.112 0.009 0.003 0.010 0.000 0.066 0.400 0.021
Max 0.469 2.044 0.283 0.073 0.464 0.386 2.533 8.537 3.420
Average 0.104 0.628 0.079 0.030 0.120 0.061 0.729 2.672 0.846
Median 0.072 0.468 0.059 0.026 0.093 0.035 0.538 2.193 0.608
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Table 9. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-level
air at Hyytiälä, Finland, in December 1998. The analytical uncertainties are presented in
Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.12.98 0.091 0.724 0.027 0.038 0.134 0.057 0.726 4.536 1.011
2.12.98 0.042 0.462 0.014 0.019 0.069 0.046 0.574 1.802 0.175
3.12.98 0.069 0.471 0.025 0.016 0.055 0.065 0.546 1.409 0.123
4.12.98 0.062 0.768 0.055 0.026 0.100 0.016 0.754 3.267 1.480
5.12.98 0.070 0.873 0.089 0.042 0.171 0.044 0.660 5.059 4.805
6.12.98 0.098 0.418 0.074 0.028 0.111 0.027 0.265 2.586 3.206
7.12.98 0.085 0.218 0.017 0.024 0.077 0.032 0.215 1.836 1.308
8.12.98 0.217 0.109 0.041 0.015 0.040 0.305 0.257 0.512 0.089
9.12.98 0.082 0.817 0.076 0.033 0.119 0.016 0.860 3.653 2.418
10.12.98 0.104 0.908 0.065 0.042 0.152 0.014 0.530 5.933 3.388
11.12.98 0.118 0.703 0.142 0.046 0.201 0.014 0.509 5.130 2.102
12.12.98 0.057 0.433 0.065 0.027 0.111 0.016 0.410 2.410 1.342
13.12.98 0.081 0.660 0.050 0.039 0.160 0.005 0.616 5.246 1.344
14.12.98 0.876 0.824 1.817 0.047 0.279 0.056 0.665 4.527 1.125
15.12.98 1.359 0.159 2.116 0.040 0.146 0.644 0.593 0.840 0.028
16.12.98 1.235 0.070 1.553 0.045 0.141 0.971 0.169 0.377 0.099
17.12.98 0.960 0.392 1.467 0.038 0.144 0.376 1.058 1.515 0.028
18.12.98 0.251 0.308 0.160 0.016 0.057 0.127 0.439 1.109 0.068
19.12.98 0.145 0.113 0.017 0.004 0.019 0.165 0.181 0.203 0.176
20.12.98 1.155 0.435 2.031 0.040 0.172 0.252 0.483 2.007 0.947
21.12.98 0.467 0.297 0.052 0.037 0.068 0.567 0.700 1.154 0.848
22.12.98 0.225 0.263 0.034 0.014 0.027 0.226 0.939 0.541 0.471
23.12.98 0.226 0.210 0.141 0.022 0.063 0.245 0.620 0.756 0.685
24.12.98 0.100 0.238 0.036 0.011 0.038 0.055 0.485 0.895 0.575
25.12.98 0.067 0.148 0.020 0.006 0.019 0.046 0.307 0.531 0.056
26.12.98 0.168 0.237 0.032 0.013 0.049 0.152 0.408 1.052 0.237
27.12.98 0.089 0.415 0.039 0.019 0.065 0.020 0.296 2.131 0.677
28.12.98 0.604 0.257 0.024 0.040 0.063 0.887 0.516 0.815 0.128
29.12.98 0.162 0.252 0.016 0.018 0.044 0.125 0.349 1.136 0.146
30.12.98 0.159 0.222 0.030 0.009 0.025 0.177 0.492 0.523 0.239
31.12.98 0.279 0.593 0.115 0.037 0.107 0.251 0.872 1.959 0.316
Min 0.042 0.070 0.014 0.004 0.019 0.005 0.169 0.203 0.028
Max 1.359 0.908 2.116 0.047 0.279 0.971 1.058 5.933 4.805
Average 0.313 0.419 0.337 0.028 0.098 0.194 0.532 2.111 0.956
Median 0.145 0.392 0.052 0.027 0.077 0.065 0.516 1.515 0.575
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Table 10. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-
level air at Hyytiälä, Finland, in January 1999. The analytical uncertainties are presented in
Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.1.99 0.076 0.820 0.072 0.037 0.115 0.044 0.494 3.825 0.172
2.1.99 0.036 0.532 0.029 0.024 0.082 0.018 0.275 2.411 0.314
3.1.99 0.050 1.411 0.097 0.040 0.154 0.010 0.615 8.189 1.381
4.1.99 0.048 0.826 0.087 0.029 0.113 0.035 0.706 3.868 0.957
5.1.99 0.057 0.482 0.057 0.022 0.080 0.021 0.437 1.934 0.524
6.1.99 0.087 0.267 0.072 0.016 0.061 0.026 0.409 1.084 0.092
7.1.99 0.047 0.210 0.013 0.018 0.063 0.014 0.082 1.582 0.166
8.1.99 0.130 0.396 0.020 0.024 0.072 0.065 0.477 1.920 0.294
9.1.99 0.218 0.399 0.086 0.032 0.092 0.099 0.744 2.072 3.744
10.1.99 0.203 0.303 0.027 0.031 0.088 0.135 0.497 1.639 0.686
11.1.99 0.128 0.415 0.180 0.033 0.118 0.046 0.721 1.748 0.939
12.1.99 0.116 0.484 0.082 0.037 0.141 0.024 0.678 2.787 3.886
13.1.99 0.092 0.601 0.113 0.033 0.149 0.024 0.579 2.566 5.239
14.1.99 0.094 0.727 0.193 0.038 0.135 0.029 0.983 2.600 4.516
15.1.99 0.122 0.970 0.130 0.033 0.114 0.048 1.597 3.215 3.101
16.1.99 0.049 0.347 0.018 0.029 0.070 0.219 0.543 1.297 0.429
17.1.99 0.900 0.476 0.042 0.095 0.125 1.115 1.375 1.794 0.304
18.1.99 0.773 0.672 0.044 0.065 0.105 0.813 1.747 1.717 0.237
19.1.99 0.510 0.555 0.040 0.053 0.100 0.560 1.233 1.683 0.362
20.1.99 0.374 0.512 0.028 0.044 0.097 0.296 1.291 1.675 0.070
21.1.99 0.413 0.489 0.055 0.044 0.107 0.276 1.135 1.878 0.057
22.1.99 0.334 0.257 0.031 0.025 0.058 0.344 0.595 0.991 0.063
23.1.99 0.112 0.253 0.033 0.017 0.058 0.062 0.323 1.167 0.313
24.1.99 0.120 0.215 0.023 0.017 0.057 0.022 0.165 1.387 2.488
25.1.99 0.083 0.204 0.026 0.019 0.056 0.018 0.312 1.130 3.294
26.1.99 0.063 0.182 0.020 0.015 0.054 0.024 0.266 0.977 3.477
27.1.99 0.115 0.227 0.055 0.023 0.087 0.025 0.324 1.364 3.316
28.1.99 0.114 0.343 0.077 0.030 0.121 0.040 0.412 1.717 4.265
29.1.99 0.052 0.253 0.025 0.023 0.079 0.024 0.252 1.671 3.484
30.1.99 0.096 0.285 0.026 0.029 0.096 0.066 0.455 1.626 3.650
31.1.99 0.266 0.199 0.022 0.018 0.041 0.367 0.389 0.647 0.235
Min 0.036 0.182 0.013 0.015 0.041 0.010 0.082 0.647 0.057
Max 0.900 1.411 0.193 0.095 0.154 1.115 1.747 8.189 5.239
Average 0.190 0.462 0.059 0.032 0.093 0.158 0.649 2.070 1.679
Median 0.114 0.399 0.042 0.029 0.092 0.044 0.497 1.717 0.686
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Table 11. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-
level air at Hyytiälä, Finland, in February 1999. The analytical uncertainties are presented in
Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.2.99 0.182 0.177 0.029 0.022 0.065 0.174 0.348 1.061 0.472
2.2.99 0.145 0.413 0.060 0.035 0.113 0.070 0.578 2.163 2.991
3.2.99 0.342 0.350 0.049 0.040 0.103 0.415 0.648 1.549 0.725
4.2.99 0.418 0.112 0.025 0.026 0.056 0.697 0.231 0.459 0.149
5.2.99 0.173 0.378 0.066 0.036 0.115 0.185 0.342 1.949 3.424
6.2.99 0.078 0.277 0.081 0.031 0.122 0.064 0.211 1.558 1.553
7.2.99 0.114 0.357 0.085 0.039 0.108 0.069 0.553 1.640 4.242
8.2.99 0.121 0.190 0.147 0.041 0.121 0.053 0.736 2.135 4.461
9.2.99 0.088 0.303 0.053 0.028 0.089 0.044 0.420 1.915 4.987
10.2.99 0.086 0.510 0.334 0.052 0.207 0.061 0.840 2.928 4.488
11.2.99 0.179 0.676 0.130 0.038 0.152 0.066 1.032 3.449 4.144
12.2.99 0.230 0.542 0.052 0.028 0.082 0.165 1.323 1.589 0.917
13.2.99 0.141 0.857 0.048 0.037 0.114 0.119 1.440 2.710 0.524
14.2.99 0.204 1.029 0.051 0.039 0.108 0.181 2.022 2.743 0.536
15.2.99 0.154 0.780 0.027 0.030 0.090 0.181 1.643 1.839 0.327
16.2.99 0.191 0.158 0.022 0.017 0.050 0.227 0.552 0.634 0.595
17.2.99 0.332 0.391 0.054 0.036 0.090 0.236 1.038 1.506 0.222
18.2.99 0.249 0.383 0.042 0.042 0.114 0.160 0.910 1.938 0.027
19.2.99 0.129 0.437 0.080 0.031 0.104 0.066 1.074 1.854 0.536
20.2.99 0.164 0.485 0.215 0.065 0.315 0.084 0.905 5.012 1.948
21.2.99 0.169 0.888 0.221 0.083 0.401 0.088 1.335 9.018 4.202
22.2.99 0.123 0.970 0.103 0.028 0.131 0.111 0.753 7.218 3.869
23.2.99 0.105 0.616 0.026 0.018 0.057 0.136 0.576 3.663 0.978
24.2.99 0.099 0.375 0.098 0.021 0.128 0.178 0.223 3.534 1.212
25.2.99 0.044 0.404 0.033 0.011 0.046 0.150 0.240 2.146 1.007
26.2.99 0.135 0.801 0.076 0.011 0.055 0.168 0.455 4.323 1.788
27.2.99 0.086 1.229 0.156 0.031 0.240 0.143 1.238 6.974 3.342
28.2.99 0.113 0.794 0.088 0.024 0.113 0.191 0.721 4.581 3.457
Min 0.044 0.112 0.022 0.011 0.046 0.044 0.211 0.459 0.027
Max 0.418 1.229 0.334 0.083 0.401 0.697 2.022 9.018 4.987
Average 0.164 0.531 0.087 0.034 0.125 0.160 0.799 2.932 2.040
Median 0.143 0.425 0.063 0.031 0.111 0.147 0.728 2.140 1.383
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Table 12. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-
level air at Hyytiälä, Finland, in March 1999. The analytical uncertainties are presented in
Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.3.99 0.121 0.609 0.052 0.012 0.036 0.190 0.464 2.660 2.128
2.3.99 0.046 0.843 0.082 0.020 0.095 0.170 0.267 4.580 2.441
3.3.99 0.152 0.536 0.085 0.048 0.407 0.284 0.224 3.540 0.934
4.3.99 1.164 0.776 2.789 0.041 0.292 0.288 0.540 4.589 1.562
5.3.99 0.827 0.851 1.580 0.031 0.212 0.236 0.728 5.314 3.578
6.3.99 1.051 0.945 2.057 0.034 0.251 0.274 0.641 4.988 2.430
7.3.99 0.757 0.665 1.672 0.035 0.276 0.223 0.700 4.470 1.530
8.3.99 0.158 0.619 0.065 0.042 0.136 0.085 0.726 3.330 4.391
9.3.99 0.130 0.367 0.047 0.030 0.099 0.088 0.656 1.810 4.040
10.3.99 0.106 0.510 0.056 0.034 0.120 0.056 0.808 2.310 5.731
11.3.99 0.082 0.661 0.064 0.036 0.144 0.086 0.950 2.830 3.284
12.3.99 0.087 0.474 0.047 0.031 0.121 0.093 0.706 1.932 3.248
13.3.99 0.155 0.598 0.149 0.039 0.189 0.081 0.849 2.294 2.963
14.3.99 0.370 0.946 0.124 0.074 0.362 0.122 1.470 3.595 4.623
15.3.99 0.156 0.999 0.095 0.037 0.151 0.086 1.231 3.268 3.590
16.3.99 0.107 1.088 0.088 0.044 0.175 0.069 1.103 4.499 2.494
17.3.99 0.746 1.384 1.325 0.093 0.731 0.246 1.198 6.688 0.803
18.3.99 0.066 0.582 0.041 0.027 0.093 0.024 0.666 2.613 0.304
19.3.99 0.337 3.247 0.235 0.092 0.454 0.277 4.881 8.044 1.960
20.3.99 0.365 2.697 0.205 0.083 0.314 0.337 5.221 5.479 2.418
21.3.99 0.186 0.409 0.022 0.026 0.059 0.081 0.776 1.367 0.192
22.3.99 0.053 0.401 0.033 0.007 0.026 0.030 0.426 1.245 0.334
23.3.99 0.001 0.001 0.029 0.004 0.020 0.005 0.253 0.963 0.174
24.3.99 0.708 0.248 0.021 0.007 0.024 0.015 0.540 0.705 0.317
25.3.99 0.194 0.278 0.053 0.007 0.027 0.015 0.556 1.196 0.303
26.3.99 0.027 0.643 0.074 0.015 0.062 0.006 1.035 1.907 0.532
27.3.99 0.070 2.490 0.245 0.024 0.123 0.070 3.467 5.180 1.104
28.3.99 0.208 1.181 0.096 0.015 0.059 0.077 1.895 2.465 0.472
29.3.99 0.320 0.463 0.031 0.022 0.046 0.261 1.361 0.771 0.903
30.3.99 0.173 0.621 0.036 0.014 0.051 0.137 1.471 0.970 1.230
31.3.99 0.092 1.232 0.047 0.016 0.059 0.065 2.792 2.248 0.519
Min 0.001 0.001 0.021 0.004 0.020 0.005 0.224 0.705 0.174
Max 1.164 3.247 2.789 0.093 0.731 0.337 5.221 8.044 5.731
Average 0.291 0.883 0.372 0.034 0.168 0.132 1.245 3.156 1.953
Median 0.156 0.643 0.074 0.031 0.121 0.086 0.776 2.660 1.562
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Table 13. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-
level air at Hyytiälä, Finland, in April 1999. The analytical uncertainties are presented in
Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.4.99 0.206 0.888 0.037 0.014 0.035 0.069 1.472 2.141 0.326
2.4.99 0.101 0.232 0.014 0.005 0.015 0.144 0.396 0.349 0.107
3.4.99 0.346 0.255 0.052 0.018 0.030 0.544 0.366 0.494 0.156
4.4.99 0.246 0.193 0.016 0.010 0.019 0.397 0.209 0.344 0.178
5.4.99 0.491 0.400 0.040 0.032 0.044 0.505 0.934 0.923 0.478
6.4.99 0.225 0.699 0.051 0.025 0.071 0.186 2.069 1.459 0.543
7.4.99 0.083 0.764 0.053 0.011 0.051 0.066 0.992 1.835 0.350
8.4.99 0.078 0.227 0.010 0.004 0.016 0.077 0.393 0.533 0.403
9.4.99 0.089 0.167 0.011 0.005 0.013 0.078 0.430 0.270 0.410
10.4.99 0.398 0.133 0.021 0.013 0.018 0.557 0.346 0.285 0.263
11.4.99 0.222 0.237 0.112 0.020 0.079 0.170 0.290 1.271 0.571
12.4.99 0.140 0.204 0.014 0.013 0.036 0.151 0.254 1.035 0.717
13.4.99 0.088 0.349 0.048 0.017 0.064 0.065 0.465 1.369 1.298
14.4.99 0.150 0.636 0.053 0.011 0.056 0.066 0.536 1.771 1.057
15.4.99 0.062 0.735 0.054 0.010 0.040 0.030 0.730 2.122 0.222
16.4.99 0.227 0.470 0.036 0.008 0.014 0.100 0.773 1.083 0.225
17.4.99 0.016 0.745 0.190 0.013 0.059 0.019 0.703 2.147 0.166
18.4.99 0.068 1.316 0.190 0.022 0.142 0.072 0.864 3.535 0.861
19.4.99 0.267 0.506 0.043 0.020 0.055 0.214 0.764 1.249 0.352
20.4.99 0.134 1.167 0.473 0.048 0.330 0.143 1.394 2.901 2.603
21.4.99 0.058 0.826 0.130 0.032 0.189 0.083 0.712 2.088 1.110
22.4.99 0.117 1.394 0.167 0.021 0.089 0.101 1.413 3.672 1.061
23.4.99 0.129 1.665 0.071 0.015 0.053 0.058 0.981 4.973 0.527
24.4.99 0.118 1.402 0.110 0.018 0.062 0.079 0.788 4.038 0.480
25.4.99 0.111 1.049 0.049 0.009 0.039 0.061 0.457 3.165 0.338
26.4.99 0.062 0.293 0.011 0.011 0.024 0.024 0.157 1.333 0.279
27.4.99 0.100 0.658 0.103 0.009 0.032 0.010 0.314 2.063 0.389
28.4.99 0.013 0.509 0.030 0.009 0.024 0.027 0.464 1.331 0.407
29.4.99 0.077 0.535 0.026 0.011 0.027 0.024 0.563 1.385 0.195
30.4.99 0.195 0.188 0.008 0.010 0.006 0.277 0.225 0.416 0.109
Min 0.013 0.133 0.008 0.004 0.006 0.010 0.157 0.270 0.107
Max 0.491 1.665 0.473 0.048 0.330 0.557 2.069 4.973 2.603
Average 0.154 0.628 0.074 0.015 0.058 0.147 0.682 1.719 0.539
Median 0.117 0.522 0.049 0.013 0.039 0.079 0.550 1.377 0.396
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Table 14. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-
level air at Hyytiälä, Finland, in May 1999. The analytical uncertainties are presented in
Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.5.99 0.182 0.264 0.050 0.006 0.003 0.112 0.317 0.602 0.080
2.5.99 0.102 0.284 0.010 0.012 0.021 0.095 0.183 1.257 0.112
3.5.99 0.101 0.280 0.002 0.014 0.036 0.195 0.236 1.772 0.303
4.5.99 0.089 0.195 0.010 0.006 0.008 0.205 0.167 0.935 0.110
5.5.99 0.057 0.277 0.008 0.006 0.020 0.210 0.213 1.035 0.168
6.5.99 0.044 0.309 0.010 0.005 0.015 0.180 0.275 0.789 0.260
7.5.99 0.130 0.206 0.005 0.006 0.014 0.289 0.131 1.059 0.472
8.5.99 0.092 0.200 0.037 0.018 0.058 0.240 0.164 1.986 0.563
9.5.99 0.062 0.207 0.013 0.011 0.040 0.191 0.168 1.490 0.441
10.5.99 0.021 0.308 0.011 0.011 0.039 0.033 0.171 1.803 0.359
11.5.99 0.048 0.256 0.012 0.007 0.022 0.049 0.130 1.325 0.312
12.5.99 0.006 0.385 0.029 0.008 0.031 0.050 0.177 1.365 0.488
13.5.99 0.007 0.397 0.015 0.009 0.035 0.062 0.167 1.480 0.429
14.5.99 0.001 0.572 0.023 0.012 0.042 0.039 0.223 1.737 0.241
15.5.99 0.001 0.674 0.029 0.014 0.062 0.045 0.275 2.260 0.588
16.5.99 0.021 0.429 0.081 0.013 0.053 0.088 0.250 1.721 0.369
17.5.99 0.013 0.522 0.022 0.009 0.040 0.025 0.256 1.355 0.218
18.5.99 0.098 0.284 0.020 0.011 0.028 0.099 0.445 0.457 0.163
19.5.99 0.048 0.243 0.019 0.006 0.023 0.067 0.281 0.307 0.133
20.5.99 0.001 0.287 0.016 0.008 0.032 0.010 0.344 0.460 0.506
21.5.99 0.026 0.556 0.065 0.025 0.176 0.035 0.643 1.205 0.974
22.5.99 0.026 0.754 0.124 0.094 0.530 0.027 0.912 1.880 0.519
23.5.99 0.818 0.569 0.047 0.072 0.061 1.035 1.335 1.161 0.199
24.5.99 0.409 0.682 0.030 0.025 0.037 0.208 0.950 1.827 0.111
25.5.99 0.171 0.763 0.029 0.016 0.043 0.061 0.758 2.397 0.091
26.5.99 0.506 0.434 0.027 0.029 0.037 0.272 1.168 1.037 0.193
27.5.99 0.200 0.420 0.021 0.013 0.002 0.107 0.567 1.192 0.109
28.5.99 0.083 0.155 0.037 0.005 0.012 0.084 0.242 0.309 0.105
29.5.99 0.083 0.640 0.044 0.012 0.036 0.031 0.452 1.700 0.486
30.5.99 0.055 0.108 0.021 0.002 0.007 0.070 0.057 0.348 0.436
31.5.99 0.088 0.362 0.015 0.010 0.027 0.049 0.191 1.298 0.330
Min 0.001 0.108 0.002 0.002 0.002 0.010 0.057 0.307 0.080
Max 0.818 0.763 0.124 0.094 0.530 1.035 1.335 2.397 0.974
Average 0.116 0.388 0.028 0.016 0.051 0.138 0.382 1.276 0.318
Median 0.062 0.309 0.021 0.011 0.035 0.084 0.250 1.298 0.303
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Table 15. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-
level air at Hyytiälä, Finland, in June 1999. The analytical uncertainties are presented in
Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.6.99 0.098 0.320 0.018 0.011 0.027 0.038 0.591 0.473 0.394
2.6.99 0.000 0.104 0.003 0.002 0.002 0.013 0.121 0.057 0.617
3.6.99 0.021 0.355 0.017 0.007 0.017 0.026 0.276 0.681 0.284
4.6.99 0.129 0.966 0.074 0.023 0.120 0.164 0.743 3.288 0.397
5.6.99 0.142 0.952 0.045 0.022 0.050 0.057 0.990 3.231 0.197
6.6.99 0.068 0.440 0.032 0.012 0.035 0.060 0.618 0.858 0.266
7.6.99 0.067 0.406 0.050 0.011 0.039 0.035 0.415 1.073 0.161
8.6.99 0.002 0.188 0.046 0.004 0.013 0.016 0.187 0.409 0.099
9.6.99 0.078 0.322 0.046 0.007 0.016 0.047 0.269 0.871 0.240
10.6.99 0.208 0.567 0.040 0.020 0.040 0.094 0.901 1.600 0.191
11.6.99 0.157 0.634 0.035 0.018 0.048 0.067 0.918 1.960 0.236
12.6.99 0.036 0.359 0.023 0.011 0.029 0.049 0.430 0.929 0.193
13.6.99 0.108 0.244 0.038 0.010 0.037 0.084 0.251 0.615 0.388
14.6.99 0.045 0.567 0.048 0.048 0.220 0.020 0.559 1.420 0.533
15.6.99 0.068 0.582 0.054 0.015 0.060 0.072 0.476 1.813 0.200
16.6.99 0.024 0.268 0.032 0.009 0.027 0.007 0.253 0.591 0.157
17.6.99 0.127 0.463 0.036 0.011 0.104 0.028 0.410 1.242 0.319
18.6.99 0.091 0.340 0.026 0.010 0.024 0.045 0.358 0.833 0.188
19.6.99 0.083 0.475 0.016 0.011 0.046 0.032 0.425 1.286 0.318
20.6.99 0.244 1.148 0.042 0.036 0.125 0.062 1.037 3.308 0.448
21.6.99 0.217 1.510 0.063 0.036 0.094 0.058 1.300 3.904 0.414
22.6.99 0.048 0.314 0.034 0.011 0.023 0.006 0.485 0.659 0.181
23.6.99 0.019 0.944 0.124 0.027 0.180 0.024 0.462 2.680 0.507
24.6.99 0.012 0.508 0.026 0.010 0.023 0.019 0.224 1.390 0.070
25.6.99 0.006 0.267 0.031 0.007 0.020 0.029 0.201 0.515 0.068
26.6.99 0.065 0.574 0.050 0.014 0.067 0.031 0.260 1.432 0.253
27.6.99 0.013 0.445 0.036 0.011 0.029 0.013 0.310 1.187 0.123
28.6.99 0.093 0.481 0.086 0.016 0.056 0.051 0.291 1.532 0.085
29.6.99 0.045 0.511 0.037 0.019 0.086 0.044 0.425 1.373 0.243
30.6.99 0.208 0.447 0.037 0.014 0.024 0.054 0.668 1.453 0.080
Min 0.000 0.104 0.003 0.002 0.002 0.006 0.121 0.057 0.068
Max 0.244 1.510 0.124 0.048 0.220 0.164 1.300 3.904 0.617
Average 0.084 0.523 0.042 0.015 0.056 0.045 0.495 1.422 0.262
Median 0.068 0.455 0.037 0.011 0.038 0.041 0.425 1.264 0.238
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Table 16. Daily concentrations of inorganic ions and sulphur dioxide (µg/m³) in the ground-
level air at Hyytiälä, Finland, in July 1999. The analytical uncertainties are presented in Table 1.
Date Na NH4 K Mg Ca Cl NO3 SO4 SO2
1.7.99 0.132 0.977 0.046 0.025 0.082 0.026 0.936 2.786 0.528
2.7.99 0.179 1.031 0.046 0.025 0.062 0.076 0.897 3.273 0.125
3.7.99 0.091 0.364 0.037 0.009 0.019 0.060 0.276 1.122 0.105
4.7.99 0.120 0.087 0.030 0.007 0.009 0.186 0.127 0.284 0.026
5.7.99 0.130 0.535 0.031 0.012 0.036 0.049 0.371 1.582 0.254
6.7.99 0.139 0.881 0.068 0.019 0.062 0.085 0.527 2.893 0.065
7.7.99 0.118 0.110 0.018 0.001 0.001 0.113 0.134 0.217 0.105
8.7.99 0.077 0.138 0.014 0.002 0.005 0.110 0.139 0.219 0.060
9.7.99 0.118 0.152 0.010 0.001 0.003 0.069 0.163 0.342 0.117
10.7.99 0.090 0.190 0.017 0.009 0.050 0.077 0.313 0.497 0.144
11.7.99 0.123 0.274 0.017 0.008 0.030 0.084 0.358 0.821 0.135
12.7.99 0.070 0.301 0.019 0.007 0.028 0.042 0.284 0.851 0.179
13.7.99 0.058 0.371 0.055 0.028 0.192 0.058 0.536 0.873 0.313
14.7.99 0.097 0.615 0.058 0.076 0.461 0.064 0.521 1.447 0.557
15.7.99 0.109 0.942 0.105 0.028 0.140 0.050 0.367 2.815 0.216
16.7.99 0.391 0.387 0.039 0.026 0.037 0.257 0.883 1.013 0.076
17.7.99 0.281 0.293 0.034 0.011 0.016 0.173 0.527 0.848 0.106
18.7.99 0.139 0.252 0.024 0.007 0.017 0.071 0.355 0.673 0.088
19.7.99 0.263 0.637 0.032 0.019 0.032 0.094 0.754 2.051 0.131
20.7.99 0.163 0.625 0.030 0.019 0.049 0.061 0.645 1.972 0.144
21.7.99 0.088 0.958 0.046 0.024 0.113 0.045 0.589 2.742 0.185
22.7.99 0.170 0.439 0.038 0.015 0.025 0.143 0.474 1.298 0.067
23.7.99 0.061 0.164 0.017 0.004 0.010 0.103 0.219 0.325 0.132
24.7.99 0.076 0.233 0.018 0.005 0.012 0.089 0.280 0.604 0.142
25.7.99 0.070 0.096 0.018 0.003 0.006 0.160 0.132 0.169 0.026
26.7.99 0.088 0.069 0.010 0.003 0.005 0.154 0.066 0.132 0.055
27.7.99 0.125 0.130 0.025 0.004 0.007 0.188 0.131 0.210 0.070
28.7.99 0.159 0.143 0.015 0.006 0.011 0.157 0.152 0.297 0.073
29.7.99 0.090 0.177 0.015 0.006 0.012 0.089 0.179 0.359 0.065
30.7.99 0.076 0.176 0.029 0.004 0.010 0.102 0.121 0.339 0.086
31.7.99 0.119 0.279 0.021 0.005 0.011 0.049 0.231 0.551 0.104
Min 0.058 0.069 0.010 0.001 0.001 0.026 0.066 0.132 0.026
Max 0.391 1.031 0.105 0.076 0.461 0.257 0.936 3.273 0.557
Average 0.129 0.388 0.032 0.013 0.050 0.099 0.377 1.084 0.145
Median 0.118 0.279 0.029 0.008 0.019 0.085 0.313 0.821 0.106
1.8.99 0.127 0.439 0.060 0.008 0.030 0.038 0.422 1.036 0.296
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